Abstract. Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) are two risk groups for type 2 diabetes. Type 2 diabetes is characterized by both impaired insulin secretion and insulin resistance but their relative contribution to the development of hyperglycemia may differ due to heterogeneity of the disease. Combined glucose intolerance (CGI), on the other hand, seems to represent a more advanced stage of prediabetes that bears a distinctly higher risk of progression to diabetes and its comorbidities. This study has the aim to compare isolated IFG and CGI categories with respect to the degree of early phase insulin secretion abnormalities and insulin resistance. Subjects who had IFG (fasting glucose: 110-126 mg/dl) were included in the study. A 75-g oral glucose tolerance test (OGTT) with insulin response was done and subjects were classified according to the WHO criteria. Six subjects were excluded because they had diabetic glucose tolerance. A total of 66 patients (53.4 ± 11.1 years, female/male: 48/18) were divided into two groups according to their glucose tolerance in OGGT (Group 1: isolated IFG and group 2: CGI). Early phase insulin secretion was measured by intravenous glucose tolerance test (IVGTT) and OGTT. Insulin resistance was assessed by the R value of the homeostasis model assessment (HOMA). We did not find any statistically significant difference between groups according to age, gender, body mass index (BMI), fasting glucose, fasting insulin, insulin-AUC (0-180 min) and HOMA-R values. In OGGT there was no statistically significant difference between 0', 30', 60' and 90' insulin levels of the groups; only 120' and 180' insulin levels were higher in CGI than in IFG group (p<0.05). In IVGTT, there was no statistically significant difference between glucose levels of the groups. Furthermore, insulin response to intravenous glucose was higher in IFG than in CGI (p<0.05). Our data demonstrate that isolated IFG and CGI are similar with respect to the degree of insulin resistance, and that subjects with CGI had a more prominent deficit in early phases of insulin secretion.
TYPE 2 diabetes is characterized both by decreased insulin secretion and decreased insulin sensitivity, but the contribution of these factors to the etiology varies [1] [2] [3] . The relevance of insulin secretion abnormalities in the pathogenesis of type 2 diabetes mellitus has been extensively studied and a consensus has been reached. In order to fulfil its pivotal role in regulating glucose metabolism, insulin secretion must not only be quantitatively appropriate, but also possess qualitative, dynamic features that optimize insulin action on target tissues. In particular, increasing emphasis has been placed on the importance of the so-called first phase insulin secretion to glucose homeostasis [4] .
Both impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) represent intermediate metabolic states between normal and diabetic glucose homeostasis [5] [6] [7] [8] . Furthermore, IGT is associated with an increase in cardiovascular-related mortality [9, 10] . IFG is also a risk group for diabetes, but its relationship to atherosclerosis is less clear [11, 12] . Combined glu-cose intolerance (CGI), combination of IFG and IGT, on the other hand, seems to represent a more advanced stage of prediabetes that bears a distinctly higher risk of progression to diabetes and other comorbid illnesses [13] .
The aim of this study is to address the following questions in IFG and CGI groups; namely, first, what is the relation between the first phase insulin response to a brisk intravenous glucose challenge and the early insulin response following glucose ingestion; second, are IFG and CGI different in first phase insulin response and insulin resistance; and third, are they different in insulin response after a 75-g oral glucose load?
Research Design and Methods

Study group
Subjects who had IFG (fasting glucose: 110-126 mg/dl) and were admitted to diabetes unit consecutively, were included in the study. In this study, ages of the subjects were between 40-65 years and had risk factors for type 2 diabetes. Subjects were excluded from the study if they had known diabetes or were taking any medication that affects glucose tolerance or for infections, liver or kidney disease, or thyroid function disorder. A 75-g oral glucose tolerance test (OGTT) was performed at baseline; subjects were classified into groups of glucose tolerance status according to the WHO 1999 diagnostic criteria. Six subjects were excluded because they had diabetic glucose tolerance. IFG was defined as having a fasting plasma glucose (FPG) level ³110 mg/dl to <126 mg/dl and a 2-h postchallenge glucose level <140 mg/dl. Subjects with FPG levels ³110 mg/dl to <126 mg/dl and 2-h during OGTT glucose level ³140 mg/dl and <200 mg/dl at 2-h after glucose load were considered as exhibiting CGI. A total of 66 patients (53.4 ± 11.1 years, female/male: 48/18) were divided into two groups according to their glucose tolerance in OGGT (group 1: isolated IFG and group 2: CGI).
Anthropometric measurements
Weight, height and body mass index (BMI) were measured under standardized conditions.
Glucose tolerance
After overnight fasting, the subjects received 75 g OGTT for the second time. Blood samples were collected before the test and every 30 min for a period of 3 h. Both glucose and insulin levels were measured. All of the routine biochemical tests were carried out on Roche Diagnostics Modular Systems autoanalyser. Levels of insulin were measured by chemiluminometric immunoassay (DPC-Immulite 2000, cat. no.: 152).
Intravenous glucose tolerance test
Glucose (0.5 g/kg of body weight) was injected intravenously as a 20% solution within 1 to 3 min and blood was collected at -10, -5, 0, 1, 3, 5 and 10 min for both glucose and insulin levels.
Statistical analysis
Statistical analysis was performed with SPSS programme. A p value less than 0.05 was considered statistically significant. Results are expressed as mean ± SD. Comparison between the two groups were made with Student's t-test and Chi square test.
Results
Clinical characteristics of the 66 study subjects according to their glucose tolerance status are shown in Table 1 . There was no statistically significant difference between isolated IFG and CGI groups according Blood glucose levels were significantly higher in CGI than in isolated IFG in OGTT at 60, 90, 120 and 180 minutes (p<.001). But at 0 and 30 min, there was no statistically significant difference between groups according to the blood glucose levels (Fig. 1) .
In OGGT there was no statistically significant difference between insulin levels of the groups at 0, 60 and 90 min. The 30 min insulin level was higher in IFG than CGI group (77.2 ± 19.5 U/L vs. 57.6 ± 15.7 U/L); however, the 120 and 180 min insulin levels were lower in IFG than in CGI group (58.5 ± 27.1 U/L vs. 87.5 ± 25.7 U/L, p<0.05; 20.6 ± 11.9 U/L vs. 38.5 ± 21.1 U/L, p<0.05, respectively) (Fig. 2) .
In IVGTT, there was no statistically significant difference between glucose levels of the groups (Fig. 3) . Furthermore, insulin response to intravenous glucose at 1, 3, 5 and 10 min were significantly higher in IFG than in CGI (Fig. 4) .
Discussion
Type 2 diabetes mellitus is a heterogeneous condition characterized by a dual pathogenic mechanism: insulin resistance and defective insulin secretion. Insulin resistance is believed to precede the development of type 2 diabetic patients. On the other hand, a loss of early-phase insulin response is common in type 2 diabetic patients and in people with IGT [12] [13] [14] [15] [16] .
In order to assess insulin sensitivity, the euglycemic hyperinsulinemic clamp is the generally accepted method, but it is difficult to perform and time consuming; also its invasiveness and high cost have limited its use in clinical practice. Therefore we preferred to use HOMA, which is easy to perform and it has been shown that it is in correlation with the euglycemichyperinsulinemic clamp (r = 0.88, p<0.0001; r = 0.85, p<0.0001 and r = 0.73, p<0.0001) [17, 18] . A literature search using Medline found that the use of the HOMA model has been reported in 572 published works. In more than 50% of the reports, the model is used in nondiabetic populations [19] . However, several investigators have demonstrated that the insulin sensitivity can be predicted from measurements during OGTT [20] [21] [22] [23] .
For determining the early phase insulin secretion of subjects, we used both IVGTT and OGTT. Although IVGTT still has tremendous research value in the evaluation of both the insulin secretory response to glucose and insulin sensitivity, it generally is not used for diagnostic purposes because the oral test is considered more physiologic. The insulin secretory response is greater after oral rather than parenteral glucose load. This effect is due to the activation of the entero-insular axis and the amplifying effect of gut incretins on insulin release [24] .
In response to an i.v. glucose challenge, insulin secretion is characteristically biphasic. Within minutes of injection of glucose, insulin is rapidly secreted reaching an initial peak value in 5 min. The early phase insulin release lasts no more than 10 min and is followed by a more sustained secretion lasting several hours, until the stimulus is removed or the plasma glucose concentration has returned to baseline values [14] . Therefore we collected blood samples within the first 10 min in IVGTT. On the other hand, 30 min plasma insulin concentration, one of the markers for early insulin secretion in OGTT, was used in the present study.
The Botnia Study suggests that insulin resistance as measured by HOMA is more increased in those with isolated IFG than in those with IGT. However, there was a significantly lower early insulin response in the IGT versus the IFG group [25] . Hanefeld et al. showed that isolated IFG and CGI had higher insulin resistance levels than IGT according to HOMA [13] . In a study by Davies et al., the fasting hyperglycemia group had a lower insulin secretion, whereas the IGT group had a higher 2-h insulin concentration [26] .
Cross-sectional data from the RIAD study demonstrated that isolated IFG and isolated IGT are different with respect to the degree of insulin resistance and abnormalities in insulin secretion, and that subjects with IGT exhibit a deficit in the early and late phases of insulin secretion [13] . In the presence of weak earlyphase insulin secretion, plasma glucose will progressively rise causing sustained insulin release needed for the plasma glucose concentration to return towards baseline. In a group of 230 people with varying degrees of glucose tolerance, 30-min-post OGTT plasma insulin concentration was inversely correlated to the 2-h plasma glucose concentration [22] . Fukushima et al. showed that in developing type 2 diabetes in Japanese patients, decreased basal and early insulin secretion had more pronounced contribution to glucose tolerance than the indices of insulin sensitivity [3] . Our results showed that there was no difference in insulin resistance between patients with isolated IFG and CGI. Although it is well documented that increases in insulin resistance exist long before diabetes is diagnosed, the differences of insulin resistance levels between the groups with various glucose intolerance status were contradictory in the literature [8, 13, 25] . However, our data showed that early phase insulin secretion was higher in isolated IFG than CGI in both OGTT and IVGTT. Results of our study for early phase insulin secretion were mostly compatible with the literature [3, 13] . Hirose et al. have previously shown that a single dose nateglinide, an insulin secretagogue, almost normalises the glycemic response curve after a 75 g OGTT and restores impairment in early insulin response in IGT subjects despite the fact the area under the secreted insulin-time curve was not changed significantly [27] . In another study, Uchino et al. mentioned that the lack of rapid, pulsatile secretion of insulin in response to glycemic rise after oral glucose load, rather than insulin resistance, is responsible for postprandial glycemic response in obese type 2 diabetic patients [28] .
On the other hand, 120 min insulin level was higher in CGI than isolated IFG in similarity with other studies [8, 13, 26] .
In the study by Torrens et al. it has been shown that ethnic differences influence the insulin sensitivity and beta-cell function in women without diabetes [29] . In this context our results reflect mainly the Turkish subjects and we have to take this into the consideration.
As a conclusion, our data from the study demonstrate that isolated IFG and CGI are similar with respect to the degree of insulin resistance, and that subjects with CGI had a more prominent deficit in early phases of insulin secretion in both OGTT and IVGTT.
